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SCAVENGING SYSTEM 

This is a continuation-in-part of U.S. Application No. 09/752629, filed December 28, 
2000, which claims the benefit of U.S. Provisional Application No. 60/208454, filed May 
31, 2000. A related application having a similar title and the same inventors as this 
5 application is being filed concurrently. All of the foregoing applications are herein 
incorporated by reference in their entireties. 

Field of The Invention 

The field of the invention is substrate via filling and material recovery. 

Background of The Invention 

10 A common structure in various electronics packages, such as laminate packages, 

wired circuit boards, ceramic substrates, and hybrid circuits, is a via or hole. A via or hole is 
a vertical opening which can be filled with conducting material used to connect circuits on 
various layers of a substrate or electronics packages to one another. A hole generally starts as 
an empty cylindrical opening in an electronics package that is formed by drilling. The hole 
1 5 is then plated with an electrical conductor such as copper or tin. Plating of the hole provides 
W the primary electrical contact at the various layers within the device. After plating, the hole 

is typically filled with an electrically conductive, thermally conductive or nonconductive 
paste. Among other reasons, holes are filled after plating to providing a secondary or fail 
safe electrical connection, to provide structure integrity, to prevent chemical process 
20 entrapment from down-line operations, and/or to provide thermal conductivity to remove 
heat from the inner circuit layers of the resulting device. 

A common method for filling holes is to use a squeegee blade to force material into 
the holes. Squeegee blade application consists of using a metal, polymer, or composite blade 
to force hole fill material through the holes, using a roll-effect pumping action caused by the 
25 squeegee being moved forward at a given angle to that of the substrate under process. This 
process can lead to divot or material drag-out caused by the trailing edge of the squeegee, 
leading to poor leveling. 
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An alternative method of hole filling is to use a print/pressure head and pressurized 
fill material to fill holes. The use of a print head may involve sealing the print head against a 
substrate and forcing fill material through the print head and into holes of the substrate 
located within the area of the substrate sealed by the print head. Such methods and devices 
5 are discussed in U.S. Patent Application Nos. 09/752629 and 09/752503, each of which is 
incorporated herein by reference in its entirety. 

The hole fill process often leaves excess paste material on the printed panel surface. 
This is especially true for non-uniform printed circuit/wiring boards/panels. The excess 
material, if cured as processed, can create extensive problems for subsequent planarization 
10 that is required to provide a uniform plating, or capping step. The more layers involved in a 

h PCB/PWB, the more non-uniform the surface tends to be. In order to be cost-effective, the 

O 

Si number of passes required to level the cured, hole filled panel, must be kept to a minimum. 

i y 

When the minimum number of leveling passes is exceeded, there is often damage to the 
yj underlying copper/circuitry, and the panel must be scrapped. 

j\ 15 Summary of the Invention 

ji| The present invention is directed to a system comprising a scavenging blade, a 

y printed wiring board receiving portion, and a movement mechanism adapted to move the 

M? scavenging blade and printed wiring board receiving portion relative to each other, and to a 

method of removing excess fill material comprising providing a printed wiring board having 
20 filled holes and at least some excess fill material on a surface of the printed wiring board, 
providing a system comprising a scavenging blade, positioning the printed wiring board in 
the system, and causing the scavenging blade to traverse at least a portion of the printed 
wiring board in a manner that causes the scavenging blade to remove at least a portion of the 
excess fill material from the printed wiring board. 

25 Various objects, features, aspects and advantages of the present invention will 

become more apparent from the following detailed description of preferred embodiments of 
the invention, along with the accompanying drawings in which like numerals represent like 
components. 
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Brief Description of The Drawings 

Fig. 1 is a front view of a scavenging system of the present invention. 

Fig. 2 is a side view of the system of figure 1 . 

Fig. 3 is a detail view of the blade assembly and PWB of figures 1 and 2. 
Fig. 4 is a side view of a second scavenging system of the present invention. 
Fig. 5 is a side view of a third scavenging system of the present invention. 
Fig. 6 is a view of a method of using the system of figure 1 . 



Detailed Description 

O 

Jjf Referring first to figures 1, 2, and 3, system 10 comprises scavenging blade assembly 

yj 10 100, movement mechanism 200, support assembly 300, and printed wiring board (PWB) 
900. Scavenging blade assembly 100 and PWB 900 move relative to each other while 
scavenging blade 101 of scavenging blade assembly 100 is substantially parallel to a surface 
901 of PWB 900, and either in contact with or just adjacent to PWB 900. Blade 101 and 
surface 901 may, in some instances, be separated at least partially by a stencil. In other 
15 instances, surface 901 of PWB 900 may comprise a resist layer. Although either one or both 
of PWB 900 and scavenging blade assembly 100 maybe moveable, the net effect of the 
movement is that scavenging blade 101 traverses substantially all of surface 901, and in so 
doing removes excess fill material 910 from surface 901, particularly from the ends of holes 
903 passing through PWB 900 between surfaces 901 and 902. 

20 Scavenging blade 101 is preferably polished and flexible and formed from spring 

steel to allow uniform scavenging of excess fill material from surface 901. Scavenging 
blade 101 preferably comprises sharpened edge 101 A having a thickness Tl less than or 
equal to .003 inches, and varying in thickness from the thickness of edge 101 A to a thickness 
T2 of approximately .01 inches. It is contemplated that blade 101 maybe advantageously 
25 formed as a rectangle with two sharpened edges such that reversing the blade 101 results in 
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edge 101A being replaced with edge 101B, and that blade 101 be formed with a slot 103 to 
allow blade 01 to be clamped to the rest of blade assembly 100 by way of clamping assembly 
110. 

It should be noted that blade 101 is positioned so that its leading edge 101A is closest 
5 to PWB 900 and is "pushed" along PWB 900 whereas a squeegee used in prior art hole 
filling operations is typically "pulled" long PWB 900 with the portion of the squeegee 
closest to PWB 900 being a trailing edge. 

The blade 101 is preferably mounted to blade assembly 100 by way of clamping 
assembly 1 10 in a manner that causes minimal, if any, buckling^bending of blade 101. 
^ 1 0 Clamping assembly 1 1 0 preferably comprises blade anchor/support 111, blade retention 
q member/thumb screw 1 12, and threaded post 1 13. In the embodiment of figure 3, blade 

s i! ' 

jjj support 1 1 1 determines the angle 151 between blade 101 and surface 901, and also provide a 

p s j flat support surface to which blade 101 is clamped to minimize buckling/bending of blade 

i ioi. 

fn 15 The blade assembly 1 00 is preferred to be mounted to movement mechanism 200 by 

y-j way of cross-rail support 220 in a manner that permits blade 1 01 to be pivoted down towards 

O the surface 901 to be scavenged, and back up to a material recovery position. While pivoted 

down blade 101 is moved along surface 101 for scavenging. After scavenging blade 101 is 
pivoted up to allow recovery of scavenged material, and paste removal from blade 101. The 
20 blade 101, clamp 210, and cross-member 220 are mounted on bearing blocks 231 and 232 
that travel on parallel rails 240 allowing the blade 101 to traverse the entire distance of the 
PWB 900, and then to pivot/lift away from PWB 900 and be positioned on a resting block 
designed to allow rapid clearing of paste material 910 into a paste recovery vessel. 
Movement mechanism may also comprise stops 241 which prevent movement of bearing 
25 blocks 23 1 and 232 off of the ends of rails 240. 

The speed at which blade 101 traverses surface 901, and the angle 151 between blade 
101 and surface 901 are both pre-determined based on the rheology of the fill material 910 to 
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be removed from surface 901 . The angle, material type, and flexibility of the blade 101 
allows for a "knifing" or shearing of the fill material 910 at the top of the holes 903, and 
follows topography to the extent of removing enough material for acceptable, and uniform 
planarization, without causing dish-down, or deformity of the hole top surfaces. 

5 Cross rail support 220 is preferably mounted to support assembly 300 comprising 

supporting surface 310. Supporting surface 310 acts as a PWB receiving member to provide 
support to PWB 900 during scavenging and may also directly support rails 240 of movement 
mechanism 200. Support assembly 300 maybe configured as a table with supporting surface 
3 1 0 being the tabletop. 

10 It should be noted that, during scavenging, scavenging blade 101 is positioned 

adjacent to surface 901 and between ends 908 and 909 of PWB 900. While in such a 
position, blade 101 divides surface 901 into a first area Al and a second area A2, wherein 
area Al comprises at least one hole 903 containing fill material 910 extending outward from 
the printed wiring board for a distance Dl substantially greater than the distance D2 
15 separating the scavenging blade 101 from surface 901 of PWB 900, and area A2 comprises a 
plurality of holes 903 containing fill material 910, none of which have fill material 910 
extending outward from the printed wiring board for a distance substantially greater than the 
distance separating the scavenging blade from the PWB 900. 

System 10 may also comprise a filling mechanism such as a squeegee or a pressure 
20 head. In such an embodiment, blade 101 may be coupled to the filling mechanism such that 
the filling mechanism and blade 101 move together. Alternatively, blade 101 maybe 
moveable independent of any such filling mechanism. 

Referring to figure 4, an alternative PWB processing system 2000 comprises a 
scavenging blade 2101 coupled to a filling mechanism 2400, a printed wiring board 
25 receiving portion comprising roller member 2310 and rollers 2320 which also function as a 
movement mechanism adapted to move the scavenging blade and printed wiring board 
receiving portion relative to each other. Coupling scavenging blade 210 to filling 
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mechanism 2400 causes scavenging blade 2101 to move (or not as is the case in the system 
shown) along with filling mechanism 2400. 

Referring to figure 5, another alternative PWB processing system 3000 comprises 
scavenging blades 3101 and 3102, PWB 3900, and PWB receiving portion and movement 
5 mechanisms 3300. 

Referring to figure 6, a method of using system 10 to remove excess fill material 
comprises: (a) step 1010, providing a PWB 900 having filled holes and at least some excess 
fill material 910 on a surface 901 of the PWB 900; (b) step 1020, providing a system 10 
comprising a scavenging blade 101; (c) step 1030, positioning the PWB 900 in the system 
M* 10 10; and (d) step 1040, causing the scavenging blade 101 to traverse at least a portion of the 
Q PWB 900 in a manner that causes the scavenging blade 101 to remove at least a portion of 

iJI the excess fill material 910 from the PWB 900. Removal of excess fill material, as 

previously discussed, results from the blade 101 shearing the excess material off from PWB 
m 900. 

E 

L j 15 Scavenging the excess fill material may include first pivoting the blade 101 closer to 

5j the PWB 900 as an initial step, and pivoting the blade 101 away from PWB 900 once 

Q traversal of PWB 900 by blade 101 is complete. It may also include moving scavenged fill 

material from blade 101 to a paste recovery vessel. Causing the scavenging blade 101 to 
traverse at least a portion of the PWB 900 may include moving the scavenging blade 101 
20 while the PWB 900 is stationary, moving the PWB 900 while the scavenging blade 101 is 
stationary, or moving both the PWB 900 and the scavenging blade 101. 

Thus, specific embodiments and applications of fill material scavenging systems 
have been disclosed. It should be apparent, however, to those skilled in the art that many 
more modifications besides those already described are possible without departing from the 
25 inventive concepts herein. The inventive subject matter, therefore, is not to be restricted 
except in the spirit of the appended claims. Moreover, in interpreting both the specification 
and the claims, all terms should be interpreted in the broadest possible manner consistent 
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with the context. In particular, the terms "comprises" and "comprising" should be 
interpreted as referring to elements, components, or steps in a non-exclusive manner, 
indicating that the referenced elements, components, or steps may be present, or utilized, 
combined with other elements, components, or steps that are not expressly referenced. 




